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For studies on some aspects of the 
biosynthesis of indole alkaloids (1, 2 ) ,  
we required the four isomers of 
tryptamine tritiated stereospecifically 
at the a- and the P-position of the 
side chain. Enzymatic decarboxyla- 
tion of tryptophan seemed the moPt 
convenient principal approach, and 
aromatic L-amino acid decarboxylase 
(E.C.4.1.1.28) was chosen as the 
enzyme to catalyze this conversion. 
This pyridoxal phosphate-containing 
enzyme is widely distributed in mam- 
malian tissue!: and is responsible for 
the production of the neuroactive 
amines dopamine and serotonin from 
3,4-dihydroxyphenylalanine and 5-  
hydroxytryptophan, respectively (3,4). 
The enzyme from hog kidney also 
decarboxylates L-tryptophan, L-tyro- 
sine and L-phenylalanine a t  appreci- 
able rates ( 3 ) .  

RESULTS =ISD DISCUSS101 
I n  order to prepare (2R)- and (2s)- 

[2-3H]tryptamine, (2S,3S)- and 
(2S,3R)-[3-3H]serine, available from 
earlier work (j), were converted into 
(2S,3R)- and (2S.3S)-[3-3H]trypto- 
phan with tryptophan synthase as 
previously described (6). These tryp- 
tophan samples (10pCi 100 nmoles) 
were then decarboxylated with aro- 
matic L-amino acid decarboxylase 
partially purified from hog kidney by 
a modification of the procedure of 
Christenson et a1 (3). Since the 
decarboxylation does not involve any 
bond breakage or formation a t  the 
stereospecifically labeled center, the 
configuration of the two resulting 
tryptamine samples at  C-2 must be 
the same as the known (6) configura- 
tion of the tryptophan samples from 
which they were derived. The tryp- 

tophan samples were shown (6) to 
be chirally pure at  C-3 within the 
limits of detection. and the same 
must thus be true for the tryptamine 
samples derived from them. 

To obtain the two isomers of 
tryptamine tritiated stereospecifically 
at C-1 of the side chain, we made use 
of the anticipated stereospecificity of 
the aromatic L-amino acid decarboxy- 
lase. All pyridoxal phosphate-depend- 
ent amino acid a-decarboxylases stud- 
ied to date operate by replacing the 
carboxyl group stereospecifically with 
a solvent proton without labilizing 
the a-hydrogen of the amino acid, 
and the steric course of the replace- 
ment in all cases reported so far is 
retention (7-9). I n  fact, n-hile this 
work was in progress, Battersby et al. 
(13) reported that the aromatic L- 
amino acid decarboxylase decarboxyl- 
ates (2S)-[2-3H]tyrosine in a retention 
mode to give (1S)-[l-3H]tyramine. 
We therefore incubated non-labeled 
L-tryptophan with the decarboxylase 
in the presence of tritiated water to  
generate a chirally tritiated trypta- 
mine of, presumably, 1R configuration. 
The opposite enantiomer was gener- 
ated by decarboxylation of S-[2JH] 
tryptophan, which was prepared either 
by incubation of L-tryptophan with 
tryptophan synthase in tritiated water 
(6) or by S-chloroacetylation of 
R,S-[2-3H]tryptophan (10) and reso- 
lution with carboxypeptidase (1 1). 

To  verify the configurations of the 
two enantiomers of the 1-tritiated 
tryptamine and to assess their chiral 
purity, $!-e incubated these samples, 
mixed with [ 14C]tryp tamine, with 
monoamine oxidase (NAO) from rat 
liver mitochondria. This enzyme ex- 
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Substrate ~ ~ ~ 1 Configuration 
for Reaction Tryptamine Tryptophol of [1-3H] 

decarboxylation medium 3H/x4C Ratio 3HH/"C Ratio tryptamine _- I - 

"Produced by incubation with tryptophan synthetase in [3H]H20. 
bProduced by resolution with carboxypeptidase. 

1 
2 
3 
4 
5 

hibits stereospecificity for removal of 
the pro-R hydrogen from a -CH2-KH2 
group (12, 13). The resulting indole- 
acetaldehyde, a very unstable com- 
pound, was reduced in situ with liver 
alcohol dehydrogenase and excess 
ethanol to  give tryptophol. The 
results of several analyses are listed 
in table 1. It is obvious from the 
data that  decarboxylation of L-trypto- 
phan in tritiated water has produced 
[l-3H]tr~-ptamine of 1R configuration 
(expts. 1 and 2);  hence the decar- 
boxylase indeed operates in a retention 
mode with this substrate as well. 
The chiral purity of these tryptamine 
samples is about 90%; the slight 
scrambling of tritium between the 
two heterotopic positions may be due 
to  contamination of the decarboxylase 
with some other pyridoxal phosphate 
enzymes which catalyze slow exchange 
of the a-hydrogen of tryptophan with 
solvent protons. The results of experi- 

(2S)-Trjptophan 1 [3HlH20 I 1: ii 0 56 R 
(2s)-Tryptophan [3HlH*0 1 4 5  1 R 

S 
S 
S 

(2S)-[2-3H] Tryptophans HzO 6 67 
(2S)-[2-3H] Tryptophan' 7 66 
(2S)-[2-3H] Tryptophanb ~ E$ 1 11 92 ~ 11.37 

U 

ments 3-5 (table 1) indicate complete 
retention of tritium in the MA0 
reaction, congruent with the notion 
that the [l-3H]tryptamine obtained 
by decarboxylation of (2S)-[2JH] 
tryptophan has 1s configuration. 
There is, in fact, a slight increase in 
the 3H/14C ratio upon conversion of 
tryptamine to tryptophol; this may 
be due to further oxidation of indole- 
acetaldehyde by NAO, with a large 
kinetic isotope effect, as a side reaction 
competing with reduction to  the 
alcohol. 

In  summary, the work described 
provides viable routes for the prepara- 
tion of all four isomers of stereo- 
specifically side-chain tritiated trypta- 
mine as shown in scheme I. I n  
addition it verifies that, as expected, 
the decarboxylation of L-tryptophan 
catalyzed by the aromatic L-amino 
acid oxidase from hog kidney proceeds 
in a retention mode. 
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SCHEME 1. Preparation and analysis of stereospecifically tr i t iated tryptamine samples. 
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EXPERIlIESTa4L 
~I.ITERIALS.-L-Tryptophan, S.%DL, pyri- 

doxal phosphate and horse liver alcohol 
dehydrogenase (HL.1DH) were purchased 
from Sigma, L-[3-14C]tryptophan (56 mCi 
mmole) from A4mersham/Searle, and [2-14C] 
tryptamine (51 mCi mmole), ~2 -~H;dopa  
(50 mCi 'mmole) and L3H] HzO (100 mCi ml )  
from S e w  England Suclear .  (2S,3R)- and 
(2S,3S)-;3-3Hj serine, available from previous 
work (5) were converted into tryptophan 
with tryptophan synthase as described 
earlier (6). (2Sj-12-3H]Tr>-ptophan was 
available from earlier work (11) or was 
prepared b\- exchange of the  non-labeled 
compound with i3HIHzO and tr>-ptophan 
synthase (6 I .  -1 homogeneous preparation 
of tryptophan synthase a2,32 protein (50 
mg 'ml) %-as obtained as a gift from Dr.  
Edi th  W. Miles, Sa t iona l  Insti tutes of 
Health.  Aromatic Gamino acid decar- 
boxylase was partially purified from hog 
kidney by an abbreviated version of the  
published procedure (3), which included the  
streptom1:cin sulfate and ammonium sulfate 
precipitation and the  DE.1E-Sephadex 
column separation steps. Fractions con- 
t aining tryptophan decarboxylase activity 
were precipitated v i t h  2 volumes of satu- 
rated (XH4)zSOI solution, centrifuged, and 
stored as the  precipitate at  -20' for up to  
2 months without loss of activity.  Immedi- 
ately before use, the  enzyme was dissolved 
in 0.08AI Tr is  buffer, p H  8.0 containing 10-jll 
pyridosal phosphate and IO-'AI dithiotheitol 
and dialyzed against 2 changes of the  same 
buffer. The  resulting enzyme solution con- 
tained about 4 mg protein 'ml;  two ml of the  
solution under the  assay conditions will 
decarboxglate 200 nmoles L-tryptophan hr .  
A crude preparation of M A 0  from rat liver 
was obtained according to  a published pro- 
cedure (14 ) :  the  enzyme was assayed by  
following the  osidation of benzylamine a t  
250 nm (15). 

hlmHoDs.-Preparative and analytical 
thin layer chromatography employed pre- 
coated silica gel plates (F 254: 2.0 and 0.25 
mm)  (systems B and C)  and cellulose plates 
(F 2%; 0.1 mm) (system -4) obtained from 
hlerck. The  follom-ing solvent systems were 
used: System ;i, 2-propanol 'm-ater 'acetic 
acid, 70:25:5, tryptophan Rf 0.55, tryptamine 
Rf 0.86: System B, ethyl acetate 'chloro- 
form,!methanol, 63:30:10, tryptamine Rf 
0.10, tryptophol Rf O.i,5: System C, ethanol1 
water,  i0:30, tryptamine Rf 0.20. Methods 
of visualization included uv light, ninhydrin 
and iodine vapor. Liquid scintillation 
counting --as performed on a Beckman 
LS-7500 system with Aquasol (Sew Eng- 
land Suclear )  as  the  scintillation medium. 
.411 samples were counted to  a statist ical  
error of a t  least 2 5 .  Counting efficiencies 
and the  spillover of 14C into the tr i t ium 
channel were determined by internal stand- 
ardization with ['"]- and [3H]toluene. 
Radioactivity on chromatograms was 
located with a Packard 7201 radiochroma- 
togram scanner. 

a typical incubation, 0.5-2.0 mg of tr i t iated 
L-tryptophan was incubated with 2 ml of 
the  decarboxylase solution for 1 hour a t  37": 

DECARBOXYLATIOS O f  L-TRTPTOPH.4S.-In 

more enzyme ( 2  ml) was added and the  incu- 
bation continued for another hour. The  
reaction was stopped by  the addition of ten 
drops of 5 s  S a O H ,  and the  tr i t iated trypt-  
amine was isolated by  extraction with 
2 s 5 ml benzene. The  benzene layer was 
washed with an equal volume of 0.1N 
S a O H ,  concentrated to  a smaller volume, 
and the  tryptamine was then extracted into 
1 ml 0.25 S HCl. The  radiochemical 
purity of the tryptamine was checked by  
chromatography in systems -1 and C.  For 
the  decarbosylation in tr i t iated water, the 
decarboxylase solution was lyophilized and 
to  the  residue were added 0.5 mg of L- 
tryptophan and 2 ml tri t iated water (100 
mCilnil I. -1fter the incubation the tr i t iated 
water was removed by  lyophilization, the  
residue was dissolved in water, and the  
enzyme was inactivated by  heat (2 min. GO"). 
Another lyophilization removed the  bulk of 
the  exchangeable tr i t ium, following which 
the  tryptamine was i sda ted  as  described 
above. 

OXIDATIOS OF TRITIATED TRYPT.~MISES WITH 
lrao.-Prior to  incubation with 11-40, the 
tr i t iated tryptamine samples were combined 
x i t h  [2-I4C]tr?-ptamine and constancy of 
the  3H 'IC ratio vias ascertained by  repeated 
thin layer chromatography in systems 4 
and C.  The  suspension of rat  liver mito- 
chondria (14) (2 nil) was incubated at  32" 
with 2 mg tryptamine, 10 mg S;ID', 2 mg 
HL.iD, and 100 pl ethanol. After 24 hours 
the  reaction misture was acidified to  pH 1 
with 2 . 6 s  HC1 and centrifuged to  remove 
the  precipitated protein. Tryptophol was 
extracted into ether,  concentrated under 
nitrogen and chromatographed in system B. 
The  section of silica gel corresponding t o  
the  position of reference tryptophol was 
removed and extracted with methanol for 
the  determination of the 3H 14C ratio. 
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